
IECHANISM OF FEAT AND ERG ISJI. (U)f LRICLA5SI :: 
SEP 79 A .1 SINSKEY , R F G O N E Z  

• 3—LX 
DAA629—76—C—:o34

I

V



I HH o I~ 12.8 12.5
L ‘ •~~~

______ 

L L 1112.2

p
~ II~2.O

11111 1.1 L

_____ III 1.811=

11111’ ~25 
~~ flhII~

MICROCOPY RESOLUTION TEST CHART



• ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• (~~iJJ~ (a 1/. 3-LXJ
( i ~~~~~ isM OF ~~~AT AND ~~ RADIATION~~YNERGIs~4

inal Re t~9 j j

D
~~~~~~~~n4~~~~~!ke; 

C~~~Professor icro ióiogy

Dr. Reinaldo F. Gomez
Assistant Professor of Food Mic obiology

LEVEL(
i~~~u u

U.S. Army Research Of~~ce 
Contract Nu~ DAAcC’29—76—C-Ø,~d34

Department of Nutrition and Food Science
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

9

-J
Approved for Public Release;

Distribution Unlimited§

1

A JA~~ . LL — ~. 
~~•



- •~~~~~~~~——~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

THE FINDiNGS IN THiS REPORT ARE NOT TO BE
CONSTRUED AS AN OFFICIAL DEPARTMENT OF
THE ARMY POSITION, UNLESS SO DESIGNATED

• BY OTHER AUTHORIZED DOCUMENTS.

£ocss5LonJIor
• iris GFA~I

DDC TAB
J k~~~ ounced
J ua tiftcat IOD __________

• By_ _ _ _ _ _

• Dip1~ribution(

Avail and/or
D1.t special

if -
.

• 2

-•

~

• ~~~~~~~~~



V 
-

~
-=

~~~~~
-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

____________ • V - 
V.

SE~ UR$TY CLASSIFICATION OF THIS PAGE (W)i~~ D~~. E.i~.r.d) 
_______________________________

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ READ INSTRUCTI ONSu~ rui~ S 1.PV$..UM I’S I ~~ I IUI~ I~~~~U~~ BEFORE COMP LETIN G FOI~M
1. REPORT NUMBER - (2. GOVT ACCESSION NO 3. RECIPIENVS CATALOG NUMBER

Final I __________________________

4. TITLE (aid SubMU.) I TYPE OF REPORT S PERIOD COVERED

Mechanism of Heat and Irradiatio~~ Final 4/15/76-7/14/79
Synergism S. PERFORMING ORG. REPORT NUMDER

7. AU flsOR( ) S. CONTRACT OR GRANT NUMSER(.) /
Dr. Anthony 7. Sinskey
Dr. Reinaldo F. Gomez DAAG29-76-C-0034

I. PERFORMING ORGANIZATION NAM E AND ADDRESS IC. PROGRAM ELEMENT. PROJECT . TA S,~
Department of Nutrition and Food Sciend~eMassachusetts Institute of TechnologyJ - -

Cambridge, Mass. 02139 V _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

II. CONTROLUNG OFFICE NAME AND ADDRESS $2. REPORT DATE
U.S. Army Research Office 9/11/79Post Office Box 12211 is. HuMB EROF PAGCS
Research Triangle Park, NC 27709 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

14. MONITORING AGENCY NAME S ADDRESS(II dIlt.vai l frca ConsroUInd OIt~c.) IS. SECURITY CLASS. (of hi. r pon)

Unclassified
ISa. DECLASSI FICATION/DOW NGRADI NG

— SCI4EDuLE
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

NA
$4. DISTRIBUTION STATEMENT (of thS • R.pori)

V Approved for public release; distribution unlimited.

$7. DISTRIBUT ION STATEMENT (.1 A. .b.ft. cf aig.r.d in Stock 20, U diU.r.n( from R.porf)

V 

NA

$5. SUPPLEMENTARY NOTES

The findings in this report are not to be construed as an
official Department of the Army position, unless so designated
by other authorized documents.

IS. MEY WORDS (Caiuima. mi r.v~~. .dd. U i.c...ay aid identify by block nomb.r)

Clostridium perfringens
Heat — Irradiation Synergism

• *S.~~~IJITPtACT (~~~~~~~e — e,s~u. ~~~ N m.u.omy d Sds.iify by bu ck .omsb.e)

This research program was undertaken to investigate the
mechanism(s) by which bacterial spores can be sensitized to
heat by gai~ua radiation treatments. The study employed spores
of the public health significant anaerobic microorganism
Clostridiwn rfrin ens. Based on biological, chemical and
structural cv ence, a model was developed to outline the
mechanisms of synergism. It is proposed that radiation creates

-
.

V ~Q3 ESfl%OIS 0? W VSI IS OS$OLCTC Unclassified _______
3 SECURITY CLASSIFICATION OF ThIS PA~ C (BAsil D.fl. l.i i.c sd)

h ~~~~~~~~~~ ~~~~~~~~~~~~~~ -—~~~~~~•~~~~~~~~~~~~~~~~~~~ _________ •• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~•—. ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ••



- - -• - - -~~.-- -- -- - V~~~~ •V ~~• V V  
•
~

SECURItY CLASSIFICATION OF THIS PAGI(Wbln Data &ni.en~

~20.
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Hydration of the core would then result in an increased
sensitivity of vital macromolecules found there.

1. Foreword

The following final report is for report work done under

contract no. DAAG 29-76—C—0034 and covers all findings made

durin g the contract period , April 15, 1976 to July 14, 1979.

All work reported here falls under the general heading of

“Mechanism of Heat and Irradiation Synergism”.
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3. Body of Report

A. Statement of the Problem Studied I :
The phenomena of heat resistance had been extensively studied

in many bacterial spores , and numerous theories have resulted,
V including suggestions that heat resistance is due to calcium

content , dipicolinic acid , intrinsic heat resistance of spore

components, and water exclusion by the spore. Each theory has been

• tested and found to be less than completely satisfactory.

The phenomena of spore radiation resistance has received less

attention, and far fewer theories have been suggested and tested.

To date we do not know with certainty which properties of the spore

are responsible for this resistance, although it appears that di-

sulfide or cysteine—rich structures in the spore are at least • 
-

partially responsible. In addition, we do not know which sites,

having been affected by irradiation, lead to the spore ’s inacti-

vation. However , it does appear that there are multiple targets,

and that they are not localized in any one area of the spore .

The phenomena of radiation sensitization to heat has been

studied least extensively. Consequently , little is known about it
as compared to component treatments. Although several researchers

have acknowledged the existence of radiation sensitization to heat ,

few have tried to study or explain the mechanism involved.

• Thus our research concentrated on developing basic and model

systems for investigating the kinetics and mechanisms of heat and

irradiation synergism in spore. of Clostridium perfringens. To this

end we have setablished an experimental system which has yielded

results consistsnt with our curr•nt theories. In addition , we have

d.v.lop.d a uniqu. way of handling DNA from microorganisms, and this
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technique has been applied to the study of the effects of heat and

ionizing radiation on the DNA of Escherichia coli. The detailed

account of our progress is to be found in the following manuscripts

and theses based on our results.

B. Summary of Results

Our findings regarding the mechanisms of heat and irradiation

synergism indicate:

(1) that C. perfringens spores are sensitized to heat if first

treated by gamma radiation

(2) that the-sensitization is reversed by high osmotic pressures

during the heat treatments

(3) that radiation causes the release of calcium ions from the

spores and reduces the retention of both calcium and dipicolinic

acid during heat treatments

(4) that spores exposed to gamma radiation suffer structural

degradation. These effects include collapsed surfaces as observed

by scanning electron microscopy and fragmentation of the core as

observed in thin sections by transmission electron microscopy.

Based on these results and current theories on the heat

resistance of spores we have constructed the following working

hypothesis. We propose that gamma irradiation affects the archi-

tecture of the spore so that it loses its ability to maintain a de-

hydrated state in the spore core. This state could be brought about,

for example, by crosslinking of the peptidoglycan components of the

cortex. Such chemical change would decrease the expansion properties

of the cortex and allow at least partial rehydration of the core,

thus increasing the heat sensitivity of vital macromolecules in the

core.
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